ABSTRACT This study measured students' free-living Physical Activity (PA) in order to examine activity patterns of youth. Students (N=221) in 12-classes wore accelerometers to measure their PA over six weeks in and out-of-school while participating in a fitness unit. PA was significantly higher during Non-PE-Days and PE-Days than on Sundays. PA was significantly higher during baseline than weeks five and six. There were no significant differences between boys and girls in the number steps taken. Eighth-grade students had the lowest PA levels. On average, the students were attaining 60 minutes of MVPA. Students, however, did not often reach national recommendations. Girls reached their national recommendations five out of six weeks on days that they participated in PE. The results suggest that specific subgroups, such as adolescent girls, are getting the recommended PA but only when the PA is structured. A spike in PA during the first week suggested a possible motivational effect of the accelerometer.
Youth PA levels have been monitored in various ways, ranging from PA interventions with researcher observation such as SOFIT (McKenzie, Sallis & Nader, 1991) , self-report instruments, such as 3DPAR (Pate et al., 2003) , as well as activity monitors, such as accelerometers (Stewart, Dennison, Kohl & Doyle, 2004) and pedometers (Ho et al., 2013) . The free-living PA of middle school students has not often been measured, especially for an extended time. Often the reasoning for short bursts of measurement is the risk of losing expensive equipment that measures PA. Additionally, it often is difficult to measure PA objectively when a researcher is not present, such as when students are not in school.
Integrating technology into educational situations has been recommended as an effective tool to supplement learning (NASPE, 2009) . Research suggests that including technology in instruction can lead to a positive influence on both students and teachers (Gibbone, Rukavina & Silverman, 2010) . To date, however, few studies have examined the implementation of technology into the PE curriculum as an educational tool to monitor PA levels or motivate students to increase PA. Examining students' PA levels with accelerometers that are also used as an educational tool could shed more light on the PA levels of youth in free-living environments.
Previous research has demonstrated significantly higher MVPA on days that students have physical education class than when they do not (Chen, Kim & Gao, 2014) . Many studies, however, only tracked students for a relatively short period (7-14 days). Therefore, the purpose of this study was to measure students' physical activity levels in a free-living environment over the course of six weeks, which is roughly equivalent to a typical unit of instruction in physical education.
Methods
These data were collected as a part of a larger study that measured multiple variables of students and teachers who participated in the research project.
Participants
A total of 221 students participated and produced data for the study and were included in the final data analysis. Initially, 258 students began the study, but 37 were dropped due to insufficient readings for PA, questionable and/or invalid scores, or the inability to sufficiently understand and read English to answer the questions posed to them in the greater study. The mean age of participants was 11.96 (±0.943SD). Students ranged from 6 th (N=74), 7 th (N=63), to 8 th (N=84) grade. A total of 115 male and 106 female students participated. There were 136 white and 85 non-white students in the study (31 Latino, 3 black, 42 Asian, 1 Pacific Islander, 8 mixedrace). The study consisted of 12 classes. The University Institutional Review Board approved this study. In addition, consent was obtained from all participants' parents. All students signed assent forms. This study measured student PA levels over six weeks while teachers implemented a unit of instruction in 12 different physical education classes, in Grades 6, 7, and 8 in a major metropolitan area in the north-eastern U.S.A. Students wore wrist-worn accelerometers in and out of school over the course of the unit. Data were collected during the 2014-2015 academic year.
The schools in this study were public schools and consisted of two K-6 elementary schools, one Grade 6 th only school, and three Grade 7-12 schools with a combined middle and high school campus. All schools had the use of a gymnasium, outside space, and sufficient materials to teach lessons that the teacher chose to teach. Schools were in different socioeconomic areas. Teachers were split evenly by sex, with six male teachers and six female teachers. All teachers were certified physical educators with a range of teaching experience from a first-year teacher to one with 35 years teaching experience; this resembles a typical school district spread of experience.
Instrumentation
Physical activity levels were measured using the MOVband accelerometer. In a validity study, the MOVband was compared to a pedometer (NL-2000) that had been recommended for use in research (Crouter et al., 2003) . The steps measured by the NL-2000 were significantly and positively correlated with the steps recorded by the MOVband (Menickelli et al., 2013) . The Institute of Medicine has suggested that accelerometers are the best method for collecting information about energy expenditure for the low and middle ranges (IOM, 2013) .
Instructional unit. All students participated in normal physical education classes that, at the time, were implementing a new PA unit, Fitness Integrated with Technology (F.I.T.) unit. The unit consists of a 12-lesson fitness-based unit broken into three themes. The basis of the unit was to deliver fitness-based knowledge while integrating academic subjects into a unit of instruction and empowering students to make their own plans for fitness. In addition, information and data from the accelerometers were used in the lessons.
Throughout the unit, teachers implemented their own general topics of teaching and supplemented that unit with the F.I.T unit. The F.I.T. unit acted as an umbrella over the teachers regularly selected unit plan, not in place of one. The teachers were not forced to augment their unit plans to teach the F.I.T. Unit. They were provided support to supplement their original lessons with fitness knowledge and the integration of technology. The main aspects of the F.I.T. unit were delivered in the introduction and closure of the lessons, when fitness terms were introduced and class discussions were held. The middle part of each lesson followed the plans set forth by the teacher according to his or her unit planning. More information about the F.I.T. unit can be found in Marttinen and Fredrick (2016) .
Procedure
Students were given accelerometers to wear around the clock (in-and out-of-school). Physical activity data were collected for each week and always included, at a minimum, a physical education day, a non-physical education day, a Saturday, and a Sunday. Student PA levels were recorded continuously for six weeks.
School entry and recruiting. Prior to the main study, the lead author made contacts in middle schools (teachers, principals, administrators) . Access to the schools was gained through contacts that were made through the first author's time in teaching, cooperating professors, and through recommendations from the supervising researcher. The lead author visited all schools that showed an interest in the study as well as those that sent all teachers a two-page summary of the study that was passed on to the administration. The teachers were chosen because they appeared to have good rapport with students and were very willing to help the project along.
Orientation for teachers. Prior to the beginning of the study and official entry into the schools, the teachers were given an accelerometer to wear for one week. This was done so the teachers had a chance to become comfortable wearing the unit around the clock and to come to know its functions. Teachers were also given an opportunity to create a profile on the MOVband company's internet server before students received the accelerometers for the pre-test. During this orientation process, teachers were taught how to trouble shoot, how to help students view their profiles, and how to upload student data. After three days of wearing the accelerometers, the author checked with the teachers to see how they were using them, and whether they had questions on the how to use them or view their data. Seven days after issuing the accelerometer to the teachers, the start of the Week 1 phase began for the students. Teachers played a crucial role in the fidelity of the students, which means they needed to constantly remind students to keep accelerometers on their wrists and were suggested to wear the accelerometers themselves during the unit.
Students were asked to move about normally but to wear the accelerometer wherever they went. There was a heavy emphasis on "everywhere" (except when showering and swimming). It was imperative that students wear the accelerometer in their daily activities and not forget the unit at home.
The orientation sessions to wearing the MOVbands were completed in a computer lab or with a laptop computer in the gym when a computer lab was inaccessible. Teachers followed a written script to disseminate directions to the participants. As suggested by Trost et al. (2005) , to ensure higher compliance in recording physical activity data, a frequently asked questions sheet was passed out to students in case they ran into problems or had questions on how to use the accelerometer. The researcher's email address was given to students for troubleshooting at any time. Students were asked to upload data as frequently as possible. The researcher manually uploaded data at least three times during the unit if students had their accelerometer on. At the conclusion of the unit, the senior researcher completed a final upload of accelerometer data, and students turned in their accelerometers.
Data Analysis
MOVband accelerometer data were requested from the MOVable company database and were delivered in Excel files broken down by hour and day in numbers of steps. The MOVband accelerometer data were uploaded into SPSS. Complete data for physical activity was considered if there were 10 hours or more of physical activity in the 24-hour period registered on the accelerometer. Activity levels were calculated using the accelerometer data. A detailed literature search was completed regarding cut points and how many hours of data were needed for complete days, as well as the number of days to include in the analyses. To achieve reliability of 0.80 or better, Trost et al., (2005) suggest that four to five days of monitoring is necessary to calculate physical activity levels, other studies also suggest four days of monitoring (Tudor-Locke et al., 2009) . Complete days were considered only if there were 10 or more hours of recorded data per day (Chinapaw et al., 2014) . Studies showed a high reliability (r=0.86), and sample size could be achieved when children with < two days lasting <10 hours/day were included in analyses (Rich et al., 2013) . Finally, both Saturday and Sunday were used; prior studies show that both need to be recorded to obtain an accurate measure of habitual physical activity (Scheers, Philippaerts & Lefevre, 2012) . For the purposes of data analysis, scores were calculated from four days of each seven-day week to gather weekly activity levels. Days consisted of a randomly selected physical education day for each week, a randomly selected non-physical education day for each week and a Saturday and a Sunday for each week. School holidays during weekdays were not considered non-PE days.
Data reduction. PA data were reduced to the class level for activity levels. Since all classes completed six weeks of accelerometer wear-time, it was not necessary to use statistical techniques to replace missing data and allowed the use of full data without harmonic means. Although individual students' scores were being recorded, the unit of analysis for inferential statistics was the class (Silverman & Solmon, 1998) .
To analyse physical activity results, a 2 × (Sex) × 4 (Type of Day) × 6 (Time) ANOVA with repeated measures was conducted using class means. Pairwise comparisons with a Bonferroni adjustment were used as post hoc tests. Significant results from ANOVAs are reported using the Greenhouse-Geisser adjustment.
Results

Weekly Physical Activity by Class
Overall class means for physical activity ranged from a high of 13,700 steps (SD=6,219), which occurred on a Week 1 Non-PE Day to a low of 8,536 (SD= 3, 814) , which occurred on a Sunday in Week 5. Types of days (PE day, Non-PE Day, Sat, Sun) also showed wide ranges. Table 1 provides measures for PE days, Non-PE Days, Saturdays, and Sundays.
Physical Activity by Class and Sex
The range of overall steps varied highly by type of day but not by sex. For example, boys recorded a high of 14,993 (SD=6,753) on a Non-PE Day (girls recorded 12,997 (SD=5,654) on a Non-PE day), and girls recorded the overall low of 8,289 (SD=3,881) for Sundays, yet boys were not far off by recording 8,544 steps (SD=3,216) on a Sunday. This highlighted a pattern throughout the data of relatively consistent PA scores between sexes by type of day, yet wide ranges of scores in the type of day activity occurred (PE Day, Non-PE Day, Sat, Sun). Full data can be found in Table 2 .
Total Physical Activity by Type of Day
Average scores ranged from a high of 11, 397 (SD=3, 713) at Week 1 to a low of 10,049 (SD=3,577) at Week 6. Scores at Week 1 were notably higher than both Week 6 and Week 5. Scores vary drastically within the 6-week period by type of day as was noted in the drop of total steps on a Non-PE day from 14,359 (SD=4,877) during Week 1 to the Week 6 total of 10,355 (SD=2,764) showing a decline of over 4,000 steps in the means.
Total Physical Activity by Sex and Type of Day
The overall average number of weekly steps ranged from a high of 11,874 (SD=4,154) for male students in Week 1 to a low of 9,817 (SD=3,765) for female students in Week 6. Week 1 data included the overall high in the group of 15,401 (SD=5,351) for female students and male students 13,212 (SD=4,273), whereas Week 5 held the overall lows for male students 8,587 (SD=1,833) and female students 8,610(SD=2,552) highlighting a trend of decreasing PA over time.
Physical activity by Type of Day and Sex. To determine if the participants' steps varied by the type of day, a 2 (Sex) × 4 (Type of Day) × 6 (Time) ANOVA with repeated measures on the last two factors was conducted by analysing PA scores as dependent variables (Week 1 to Week 6) and the type of day (PE, Non-PE, Sat, Sun), sex and time as the independent variables. There was a significant main effect of Time [F(5,64) 
Discussion
The purpose of this study was to track student PA levels over the course of six weeks in a free-living environment. We wanted to ascertain if students' activity levels varied based on whether or not they had physical education class and how PA levels fluctuated during weekends. Some of the results confirm prior research, such as physical activity levels declining by age (Pate et al., 2009) . Prior research with adolescents shows that in order to attain the recommended 60-minutes of moderate to vigorous physical activity (MVPA) boys and girls need to get to 10,000-11,700 steps per day (Tudor-Locke et al., 2011) . The results of this study show that although weekly average steps are within this range during the 6-week period of the study, there were several time points where this range was not reached, specifically during weekends.
Research suggests that youth do not engage in adequate amounts of physical activity (IOM, 2013) . Overall, students in this study, were active in ranges (10,000-11,700 steps) which research suggests, when reached, may show that adolescents are indeed attaining 60-minutes of moderate to vigorous physical activity a day (Tudor-Locke et al., 2011) . These data are reported weekly averages and are the combination of a PE day, Non PE day, and two weekend days. For Saturday and Sunday alone the 10,000-step threshold was not often met. Students were significantly more active on PE days and Non-PE days than Sundays. It seems that in school even when PE is not held, students receive significantly more activity than when they are at home on weekends. This result is in line with a recent meta-analysis of 37 accelerometer studies looking at youth PA that also suggested students are more active during weekdays than weekends (Brooke, Corder, Atkin, & van Sluijs, 2014) . Data from this study brings to light important information on weekend habits of students and increases the importance of physical educators promoting lifetime wellness that carries over to out-of-school time, as a recent review noted that "school physical education probably has the greatest reach" (Sallis, Carlson, & Mignano, 2012: 504) on PA levels of students.
Sundays were the least active days in the study. This is not unusual as past research shows that Sundays had the highest levels of inactivity (Scheers, Philippaerts, & Lefevre, 2012) . The lack of activity on Sundays may be due to a lack of organized activities available for adolescents (Comte et al., 2013) . We do not yet know if this is due to a lack of interest in organized activities on Sundays and how these activities may clash with the culture of the child's community. The lack of activity on Sundays further strengthens the argument to compensate for the loss of active time with more PA during the week in PE classes and after school PA programs. There were no significant differences between Saturdays and PE days or Non-PE days. Although on the average PE Day and Non-PE day students were getting enough PA to get 60-min of MVPA, 75% of the weekend days measured, did not reach this threshold. Past research shows increases in sitting, TV/electronics, and chores on weekend days (Jago, Anderson, Baranowski, & Watson, 2005) , which may explain the reduced weekend activity in this study. These data may add to the research on the importance of physical activity not only in physical education class but the PA students receive in and around the school day.
Reaching fitness guidelines. In the U.S.A., national recommendations suggest the girls (ages 6-17) should aim for 11,000 and boys should aim for 13,000 steps per day (The President's Council on Fitness, Sports & Nutrition, 2015) . The students in this study on average did not meet these goals regularly. Boys on average never reached the 13,000-step recommendation on PE days, Saturdays, or Sundays. Conversely, girls reached or were within 60 steps of their suggested (11,000) ranges five out of six weeks when they participated in PE. Girls only met the recommendations once during non-PE-Days (during Week 1). These data highlight the importance of physical education for young adolescent girls. Girls are not meeting national recommendations regularly unless they are getting physical education in school.
The National Association for Sport and Physical Education (NASPE) recommends middle school students get 225 minutes of PE each week (NASPE, 2012) . Students in this study may not have been reaching the national recommendations for physical activity (11,000 steps for girls 13,000 steps for boys) regularly as none of the schools in this study attained the NASPE recommendations for minutes of PE. Most of the schools had PE twice or three times a week, with a range of PE minutes from 90 to 150 minutes per week. The reality of PE in the USA is that daily PE has declined from 1999-2011 (Eaton et al., 2012) . Research suggests that increasing PE time in schools and physical activity in schools does not negatively affect academic scores (IOM, 2013 ), yet the trend of cutting PE hours continues. Girls in this study only reached the national recommendations regularly on PE-days. Therefore, the less common daily PE becomes and the inability of schools to reach PE time recommendations increases, the less likely it is that students, specifically adolescent girls, will be sufficiently active to gain health benefits. There is a need to develop more opportunities for young girls to be active outside of school or in well-developed after school activity programmes so girls can attain the same level of PA as they do on PE days. Past research shows a marked sex difference, with girls showing higher inactivity, in late afternoon physical activity and recommends this time for possible interventions (Jago et al., 2005) .
Spike at the beginning of study. There is an interesting physical activity spike at the beginning of the study. Across all categories of days, the Week 1 data point contains the highest number of steps in comparison to all other data points. It begins higher and then drops to a consistent level in subsequent weeks, especially on Saturdays and non-PE days. This may be due to the novelty of the new technology piquing the students' interest followed by the eventual, yet relatively quick, return to normal levels. Prior research examines the motivational effect of activity monitors showed a significant decline in PA from the beginning to the end of data collection (Ho et al., 2013) , mirroring data in this research. Ho et al. (2013) showed that girls who wore an activity monitor had more steps than those who did not. It is difficult to generalize findings from the current study as it spanned a considerably longer period of data monitoring than past studies using accelerometers.
The accelerometers may indeed have excited the students to take more steps. If this occurred, it happened immediately when students received the units during Week 1, and then the steps returned to their normal levels. Following the spike in PA during Week 1, the PA levels began a decline yet were still above national averages (Tudor-Locke, Johnson & Katzmarzyk, 2010) . When students first received their MOVBands, many were observed instantly running around and jumping rope or even doing cartwheels to see how those movements measured up to steps in their accelerometer. The study of Ho et al. (2013) noted the possibility of higher PA associated with the use of an activity monitor but noted that it was short-lived and mainly associated with girls, which could further explain the spike at the first data collection time. A review on whether pedometers increased PA in intervention studies showed a moderate and positive increase in PA levels (Kang, Marshall, Barreira & Lee, 2009) , which may partially explain the peak of PA at Week 1 in this study.
The highest scores were found during non-PE Days in Week 1 (often the first full-day the students had the device) for boys and girls. Future research should examine how to capture and build on the initial excitement present in this and other studies to determine how accelerometers can be used as a motivating tool to increase PA. Although students participating in this unit were taking more steps than the average U.S. student takes, (Tudor-Locke, Johnson & Katzmarzyk, 2010 ) the effect of the accelerometer as a motivating factor, if at all, was short lived. Students did not experience lasting high levels of PA over six weeks, yet it is difficult to ignore the spike in PA levels with the introduction of the accelerometers to students. Future research should examine ways that curricula may affect PA levels when using new and emerging technologies, such as accelerometers. Past research has shown an increase in physical activity when participating in curricula that are technology driven, such as HOPSports (West & Shores, 2014) . Perhaps a long-term intervention, similar to past curricular interventions such as SPARK (Sallis et al., 1997) or CATCH (Luepker et al., 1996) , can have a more profound effect on PA levels.
All-female physical education. Class level data showed that Class 4 was significantly lower than four other classes based on steps taken and ranged from 3,908 to 5,050 steps lower than the others. Class 4 was also the only all-female PE class in the study. Although, legally students should not be in single sex PE classes in the U.S.A. (United States Department of Education, 2002) there were two classes that were split between sexes at one of the schools. The single sex classes were not significantly different from each other in number of steps taken, yet the all-female class had one of the lowest PA levels in the study. The all-female class scored below the co-ed class average physical activity at every measurement point throughout the study. This is in line with past research (McKenzie, Prochaska, Sallis, & LaMaster, 2004) that showed students in all-female PE classes record significantly less MVPA than their co-educational class peers.
The results of this study bring to light many different topics that further extend our knowledge of young students' physical activity habits. The U.S.A battles similar health issues as many other countries around the world do. Although this research followed a population of students in Northeast U.S.A., similarities run parallel to other countries and the issues they face with getting students physically active. As shown in past research, (Dudley et al., 2011) physical education is crucial in increasing young students' physical activity levels. PE is important especially for young girls who only reached the goal set by the Presidential Council for Fitness, Nutrition and Sport on days when they participated in physical education, and only once on Non-PE days or weekends over six weeks of monitoring. This suggests that more attention needs to be paid to specific subgroups such as young girls to increase their attitudes toward PE (Prochaska et al., 2003) . Not only are high amounts of physical activity related to healthy living (CDC, 1997), but enjoyable experiences encourage participation in physical education and physical activity (CDC, 1997; Dismore & Bailey, 2011) . Additionally, after school programs could help fill the lack of available PA during school by providing young girls opportunities to be physically active in after school programs if indeed the trend of not providing daily PE in schools continues. Future research on physical activity interventions for young girls in out-of-school environments should be pursued.
